During organogenesis, the winged helix hepatocyte nuclear factor 3b (HNF-3b ) protein participates in regulating gene transcription in the developing esophagus, trachea, liver, lung, pancreas, and intestine. Hepatoma cell transfection studies identi®ed a critical HNF-3b promoter factor, named UF2-H3b , and here, we demonstrate that UF2-H3b is identical to the fetoprotein transcription factor (FTF). In situ hybridization studies of mouse embryos demonstrate that FTF expression initiates in the foregut endoderm during liver and pancreatic morphogenesis (day 9) and that earlier expression of FTF is observed in the yolk sac endoderm, branchial arch and neural crest cells (day 8). Abundant FTF hybridization signals are observed throughout morphogenesis of the liver, pancreas, and intestine and its expression continues in the epithelial cells of these adult organs. In day 17 mouse embryos and adult pancreas, however, expression of FTF becomes restricted to the exocrine acinar and ductal epithelial cells. q
Results and discussion
The winged helix (Clark et al., 1993) transcription factor HNF-3b is important not only for hepatocyte-speci®c gene expression (Lai et al., 1991; Overdier et al., 1994) , but also participate in gene regulation in epithelial cells of the esophagus, trachea, lung, stomach, intestine and pancreas (Monaghan et al., 1993; Kaestner et al., 1994; Cockell et al., 1995; Zhou et al., 1996; Rausa et al., 1997) . Hepatocyte expression of the HNF-3b gene is regulated by the liver transcription factors CCAAT enhancer binding protein (CIEBP) family and HNF-6 (see Fig. 1A ; Pani et al., 1992; Samadani et al., 1995; Samadani and Costa, 1996; Rausa et al., 1997) , of which HNF-6 is expressed at the onset of mouse liver and pancreatic morphogenesis (Landry et al., 1997; Rausa et al., 1997) . HNF-3b promoter studies have also identi®ed another nuclear binding factor, UF2-H3b, which is critical for HNF-3b promoter activity and binds to a consensus sequence for nuclear factor FTF, an orphan receptor which was ®rst identi®ed as activating the a -fetoprotein (AFP) gene in early embryonic liver, and may exert important developmental functions in endodermal cell lineages (Pani et al., 1992; Galarneau et al., 1996) . In order to verify that FTF and UF2-H3b were identical transcription factors, electrophoretic mobility shift assays (EMSA) were performed with either liver nuclear extracts or in vitro translated human FTF protein and FTF binding site oligonucleotides from the a -fetoprotein (FTF/AFP) and HNF-3b (FTF/UF2-H3b ) promoters (Fig. 1) . These DNA binding studies showed that the speci®c FTF protein-DNA complexes formed with these promoter binding sites were super-shifted by the FTF antibody and thus veri®ed that UF2-H3b and FTF are identical factors (Fig. 1B,C) . Cotransfection assays performed in Hep3B hepatoma cells with the FTF cDNA expression vector (Galarneau et al., 1996) showed a 6-fold induction of HNF-3b promoter activity and this stimulation required retention of the FTF binding sequence (data not shown).
In situ hybridization studies of transverse sections of day 8 post coitum (p.c.) mouse embryos, demonstrate abundant FTF expression in the yolk sac endoderm, neural crest and branchial arch ( Fig. 2A,B) . While HNF-3b is expressed in the foregut,¯oorplate and notochord in day 8 embryos, only the yolk sac endoderm exhibits colocalization of FTF and HNF-3b hybridization signals (Fig. 2A±D) . By day 9 of mouse embryogenesis, FTF and HNF-3b are coexpressed in the developing foregut endoderm (Fig. 2E±H ) that gives rise to the hepatic and pancreatic diverticulum and their expression pattern is similar to that of HNF-6 (Landry et al., 1997; Rausa et al., 1997) . The expression of these liver transcription factors continues to overlap in the liver, intestinal and pancreatic epithelial cells of 12 day p.c. mouse embryos (Fig. 3A,B ), but only HNF-3b is expressed in the stomach epithelium (Monaghan et al., 1993; Kaestner et al., 1994; Rausa et al., 1997) . FTF hybridization signals are also observed in the marginal layer and the rib primordium (Fig. 3A,B) , which do not express HNF-3b (Monaghan et al., 1993; Rausa et al., 1997) .
Because liver expression of HNF-6 and HNF-3b is transiently diminished in day 14 embryos, we examined whether FTF expression exhibited a similar reduction. By contrast, FTF expression is maintained in the epithelial cells of the developing liver and intestine (Fig. 3E,F) .
FTF expression continues in the neural crest derived marginal layer and ganglia (Fig. 3C±F ) and in the endocrine and exocrine epithelial cells of the developing pancreas (Fig. 3G,H) . In 17 day p.c. mouse embryos, FTF expression (Pani et al., 1992; Samadani et al., 1995; Samadani and Costa, 1996; Rausa et al., 1997 and this paper) . Two additional binding sites are recognized by widely expressed factors, UF1-H3b (Pani et al., 1992) and the interferon (IFN) response factor-1 (IRF-1), which is activated in response to IFN-g (Samadani et al., 1995) . (B) FTF antibody supershift reactions demonstrate that UF2-H3b and FTF are identical factors. Rat liver nuclear extracts were used for electrophoretic mobility shift assay (EMSA) with the FTF binding sites from either the a-fetoprotein (FTF/AFP; 2155 to 2166 bp; TGTTCAAGGACA) or HNF-3b (FTF/UF2-H3b, 233 to 244 bp; TTTCAAGGTTAC) promoter regions (Pani et al., 1992; Galarneau et al., 1996) . Competition with a 100-fold molar excess of unlabeled double-stranded oligonucleotide disrupts FTF protein-DNA complex formation with itself and with cross-competition, but not with a mutant FTF binding site (FTF/m-AFP; TGTTCAATGAAA). EMSA with rat liver nuclear extracts and FTF antibody (anti-FTF) super-shifted the protein-DNA complex formed with the FTF binding sequences (indicated by arrow). (C) EMSA demonstrates that in vitro translated human FTF recombinant protein (Galarneau et al., 1998) binds to the FTF/UF2-H3b binding site from the HNF-3b promoter region. persists in the liver and intestine, while abundant FTF expression is found in the stomach epithelium where it had previously been undetectable (Fig. 4A,B) . Higher magni®cation of day 17 and adult pancreas demonstrates that FTF expression becomes restricted to pancreatic ductal epithelial and exocrine acinar cells (Fig. 4C±F) , which is similar to the expression pattern observed for HNF-6 (Rausa et al., 1997) . In the adult pancreas, FTF hybridization signals are absent from the endocrine cells of the islets of Langerhans (Fig. 4E,F) , which are identi®ed by Pdx-1 (Of®eld et al., 1996) hybridization (Fig. 4G,H) . These expression studies indicate that in the adult pancreatic endocrine cells, the expression pattern of FTF and HNF-6 diverges from that of their target gene HNF-3b (Rausa et al., 1997) . FTF expression also becomes restricted to epithelial cells of the adult intestinal crypts of Lieberku Èhn (data not shown).
Materials and methods

DNA binding assays and in situ hybridization studies
Rat liver nuclear protein extract preparation, in vitro translation of human FTF cDNA, EMSA and cotransfection assays were performed as previously described (Galarneau et al., 1996; Samadani and Costa, 1996) . The FTF binding site oligonucleotides used were derived from the promoter regions of the rat AFP (FTF/AFP; 2166 to 2155 bp) and HNF-3b (UF2-H3b binding site; FTF/UF2-H3b ; 244 to (Of®eld et al., 1996) expression (data not shown). nt, neural tube; m, marginal layer; RP, rib primordium; P, pancreas; L, liver; I, intestine; S, stomach; v, vertebrae; Lu, lung; g, ganglia; e, eye; a, acinar cells; d, pancreatic duct. (E,F) FTF expression is restricted to the exocrine acinar cell and ductal epithelium of the adult pancreas. (C±H) The islets of Langerhans of the endocrine pancreas are identi®ed by Pdx-1 hybridization. Abbreviations used are indicated in previous legends except for islets of Langerhans (is), kidney (K) stomach epithelium (se). 1996). In situ hybridization of paraf®n-embedded mouse embryos, adult pancreas or intestine was performed with 33 P-labeled antisense RNA probes as described by Rausa et al. (1998) . Antisense RNA probes were synthesized from the following templates: EcoRI-linearized mouse FTF cDNA pGEM1 plasmid (EcoRI-HindIII subdone; nucleotides 1±1856) template using SP6 RNA polymerase and from the rat HNF-3b template (Rausa et al., 1997) .
